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ABSTRACT 
Wintertime temperature inversions are partially responsible for some of the worst historical air 
pollution events as cold air pools are favorable for prolonged poor air quality episodes.  The St. 
Louis metropolitan area in Missouri-Illinois has relevant problems with particulate pollution yet 
is under-studied.  This case study examines the characteristics of an inversion layer along with 
additional meteorological parameters and their effects on PM2.5 air quality in St. Louis from 
November 22 to December 3, 2015.  During the selected period, November 26 to December 1 
PM2.5 Air Quality Index (AQI) daily values often exceeded levels the Environmental Protection 
Agency classifies as unhealthy for sensitive groups.  Shallow surface temperature inversions were 
most common on less polluted days while strong temperature inversions with a base height around 
950 mb persisted on more heavily polluted days.  Variability in surface wind speed, wind direction, 
and relative humidity occurred mostly on less polluted days while values were consistent on more 
heavily polluted days.  Precipitation only happened on the most heavily polluted days but showed 
no great impact of reducing pollution. Winds from the south on November 26 suggested transport 
of excess particulate pollutant was the cause of unhealthy PM2.5 levels that day, not temperature 
inversions.  Strong temperature inversions contained these pollutants in St. Louis on November 27 
to November 30.  A surface pressure minimum north of St. Louis on December 1 produced a 
substantial change in wind direction on November 30, influencing eventual dispersion of 
pollutants.  Further research is necessary to help fill in the knowledge gaps about air quality in the 
Midwest. 
______________________________________________________________________________
1. Introduction  
Air pollution is an interdisciplinary problem 
that poses a severe threat to Earth’s climate, 
biodiversity, and human health.  In 2016, 
91% of the world population was living in 
places where the World Health 
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Organization’s (WHO) air quality guideline 
levels were not met, with an estimated 4.2 
million premature deaths due to ambient air 
pollution in both urban and rural areas during 
the same year (WHO 2018).   
Mortality is caused by exposure to ambient 
air particles with an aerodynamic diameter of 
2.5 micrometers or less, known as fine 
particulate matter (PM2.5).  These particles 
can be emitted directly from a local source or 
as combustion particles from industrial 
emissions (EPA 2018).   With penetration to 
the lung barrier, particulate matter can enter 
the blood system to cause cardiovascular and 
respiratory distress, both acute and chronic 
(EPA 2010, WHO 2018).  The WHO 2005 air 
quality guideline limits are aimed to achieve 
the lowest concentrations of particulate 
matter as possible as there is no measured 
threshold where no damage to human health 
occurs (WHO 2018). 
The stability of the atmosphere is a critical 
component for understanding the severity of 
air quality.   A stable atmosphere occurs 
when a layer of warm air is above cooler air, 
forming a temperature inversion as air 
temperature increases with height (NWS 
2018).  Vertical motion of an air parcel is 
inhibited, trapping air pollutants close to 
Earth’s surface.   
Temperature inversions are not the only 
meteorological influence on air quality.  The 
atmosphere warms, dries and stabilizes 
because of large-scale downward vertical 
motion in the presence of an upper-level 
ridge of high pressure, typically at 500 
millibars (mb).  Cloud formation is restricted 
in a temperature inversion layer, allowing an 
increase in photochemistry for air pollutants 
to form.   When an area of high surface 
pressure develops, wind speeds are low 
enough for recirculation and stagnant air, 
increasing the longevity of a poor air quality 
episode. 
China is a commonly studied place for air 
pollution meteorology due to its complex 
geographical terrain and influence from high 
anthropogenic emissions.  Wang et al. (2018) 
found that observation stations in China have 
higher PM2.5 concentrations during air 
stagnation events, defined as days without 
precipitation and daily PM2.5 concentrations 
higher than its monthly average, occurring 
most frequently during autumn and winter.  
The study used a quantitative threshold based 
on 10-meter (m) wind speed, boundary layer 
height and amount of precipitation to account 
for the effect of terrain on meteorological 
conditions as the National Oceanic and 
Atmospheric Administration’s (NOAA) 
threshold does not.   
Taking the inversion layer into account, 
Enzhong et al. (2015) focused their study on 
Xingtai City, a Chinese urban area 
surrounded by mountains.  Results showed a 
positive correlation between air quality and 
the thickness of the inversion layer and a 
negative correlation between air quality and 
temperature, dew point and wind speed 
within the inversion layer from 2013-2014.  
The strongest inversions occurred in the 
winter with the weakest during the summer.  
Bahari et al. (2014) also noted the importance 
of the strength of temperature inversions’ 
impact on air quality as this addition 
indicated a well-fitting model for the 
prediction of PM2.5 concentrations in Iran.  
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In the United States, the West Coast is a 
commonly studied area for air pollution due 
to the complex terrain of the Rocky 
Mountains and transport of Asian 
anthropogenic aerosols.  The most frequent 
air stagnation events occur in the summer and 
autumn using an adjusted quantitative 
threshold to account for terrain (Wang et al. 
2018).  A case study in Cache Valley, a 
narrow area, surrounded by tall mountains 
located in northern Utah and southern Idaho, 
showed an increased probability of 
temperature inversions during cold days 
during the winter, with a daily mean air 
temperature below -15℃ indicating certainty 
for the occurrence (Wang et al. 2015).  A 
regression model was developed to estimate 
past PM2.5 concentrations to account for 
missing upper-air measurements.  Though 
the model was merely a function of 
temperature and did not include chemical 
kinetics, it indicated increased concentration 
from the early 1980s through the early 1990s, 
the same period with an increase of the 
frequency of temperature inversions (Wang 
et al. 2015). 
The effects of prolonged wintertime 
temperature inversions on air quality have 
occurred outside of the West Coast, but there 
is a lack of research in these areas with 
historical problems of air pollution.  For 
instance, the St. Louis metropolitan area in 
Missouri-Illinois was plagued with a thick 
layer of smog for over a month during the 
cold-weather season in 1939 due to the 
region’s heavy reliance on cheap, high sulfur 
coal and continuous urban population 
increase (O’Neil 2016).   
The Clean Air Act was established in the 
United States by the Environmental 
Protection Agency in 1970 to address public 
health issues and welfare risks posed by 
certain widespread air pollutants by 
implementing National Ambient Air Quality 
Standards (NAAQS) for each state to attain 
(EPA 2018).  Regulations of anthropogenic 
emissions correlate with a negative trend in 
the annual mean of total ambient air particles 
from 1975-1986, though health risks from 
fine ambient air particles persisted, ranking 
St. Louis as the city with the 2nd highest 
mortality rate to due ambient air pollution 
compared to 5 other U.S. cities (Dockery et 
al. 1993).  The health risks from inhaling 
particulate matter in the 1980s and a decrease 
in PM2.5 concentrations (Dockery et al. 1993) 
are comparable to current identifiable health 
risks and a 41% decrease in the national 
PM2.5 air quality trend from 2000 to 2017 
(EPA 2018).   The St. Louis metropolitan area 
was an exception, specified as nonattainment 
for annual PM2.5 NAAQS in 2005 (EPA 
2010). 
With historical problems of particulate 
pollution in St. Louis and the enormous 
influence of meteorological conditions for 
deviation in a region's air quality trend, the 
need for research persists in this 
underrepresented geographic area.  This case 
study focused on a period during the 
wintertime when the St. Louis metropolitan 
area was experiencing persistent 
PM2.5 pollution to answer these questions: 
1) How frequently did temperature 
inversions occur during this period? 
2) How did the base height and strength 
of a temperature inversion on a 
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heavily polluted day differ from a less 
polluted day? 
3) What were the meteorological 
parameters that made this poor air 
quality event so extreme? 
2. Data and Methods 
a. Air quality 
Case selection came from the EPA's Air 
Quality Index Daily Values Report.  The Air 
Quality Index (AQI) is a unitless 
measurement of ambient air pollutants and 
the severity of its impact on human health 
(Figure 1). 
The air pollutant with the highest daily AQI 
is used for the combined daily AQI and listed 
as the primary pollutant.  We searched for a 
case where this is true for PM2.5 during a 
period extending seven days with values 
exceeding 51 AQI, indicating at least a 
moderate concern for health.  Preference 
went to a period with at least two days 
exceeding 101 AQI for thorough analysis 
regarding the research questions.  Dates were 
chosen near or within meteorological winter 
months from 2013-2018 to account for the 
extension of Missouri and Illinois's plan to 
attain the 2009 PM2.5 standard by 2012 (EPA 
2010).  St. Louis MO-IL (Figure 2) was the 
selected geographic region for the most 
accurate representation of measurements 
across the area available to the EPA from 
both state agencies.  If data were retrieved 
from individual counties instead, there would 
have been an issue with missing particulate 
matter data in Illinois counties due to errors 
in data processing (ALA 2016).   
b. Meteorological parameters 
Vertical temperature profiles for the selected 
AQI days (November 22 at 06Z to November 
4 at 06Z) were obtained from the BUFKIT  
Figure 1.  EPA classification of Air Quality Index (AQI) values and its implication. Retrieved from 
https://airnow.gov/index.cfm?action=aqibasics.aqi. 
 
5 
 
 
archive through the Iowa Environmental 
Mesonet at the St. Louis Lambert 
International Airport (KSTL), where its 
location is further away from the city of St. 
Louis to reduce heat-island effects (Figure 2).  
Soundings from the Rapid Refresh (RAP) 
model were utilized, being the only 
meteorological model available through 
BUFKIT that recorded data every hour.  Data 
analysis occurred at 00Z, 06Z, 12Z and 18Z 
for each day. 
If any inversions took place in the sounding, 
defined in BUFKIT as a change of 0.5 
degrees Celsius (°C) in the layer, the 
following equation calculated its strength: 
 dT = Ttop - Tbottom   (1) 
where dT is the difference of temperature 
from the top to the base of the inversion layer 
in ℃.  The strength of the temperature 
inversion indicates confidence in the impact 
on air quality.  
The base height of each inversion layer in 
mb, surface pressure in mb, relative humidity 
(%), wind speed in meters per second (m/s), 
wind direction in degrees, and precipitation 
in inches per hour (in/hr) were also recorded 
at the 0th hour of each sounding at the surface 
for additional analysis of air quality.  
Archived daily surface weather maps, 500 
mb height contour maps, and twenty-four-
hour total precipitation accumulation maps at 
12Z from the NOAA Weather Prediction 
Center were used for further synoptic 
analysis. 
3. Results and Analysis 
a. Overview of AQI days 
The dates selected for this study was from 
November 22 to December 3, 2015.  These 
dates were a part of a period of daily PM2.5 
AQI values exceeding the “Moderate” 
threshold for 24 consecutive days, indicating 
possible influence of persistent wintertime 
inversions.   Eight days during the selected 
period were classified as "Moderate." Two 
consecutive days were classified as 
"Unhealthy for Sensitive Groups" with 
another two consecutive days classified as 
"Unhealthy." 
Figure 3 shows the evolution of daily PM2.5 
AQI values for the selected case.  November 
22 through November 25 showed AQI values 
classified as "Moderate."  AQI doubled its 
value from November 25 through November 
26, staying above the "Unhealthy" threshold 
for two consecutive days.  November 28 and 
November 29 were only up to a few units 
below the "Unhealthy for Sensitive Groups" 
Figure 2.  Counties and cities defined as the 
Core Based Statistical Area (CBSA) for St. 
Louis, MO-IL.  The AQI daily values report 
uses CBSA when the selected geographic 
location is a city.  The St. Louis Lambert 
International Airport, marked with a brown 
star, is in St. Louis County.  Retrieved from 
https://commons.wikimedia.org/wiki/File:St
_Louis_MSA.png.  
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threshold, while the AQI values exceeded 
this threshold on November 30 and 
December 1.  AQI values substantially 
decreased in comparison on December 2 and 
December 3.  Six consecutive days with AQI 
values exceeding or merely exceeding the 
“Unhealthy for sensitive groups” threshold 
generated interest for this study. 
b. Inversion layer characteristics 
At least one inversion layer appeared for each 
observed sounding except for November 27 
at 12Z.  One inversion occurred during 
nineteen soundings, while two inversions 
occurred at nineteen soundings, and eight 
soundings had three inversions.  Continuous 
multiple inversions happened from the 
beginning of the observed period to 
November 27 at 06Z and from November 30 
at 18Z to the end of the observed 
period.  Apart from a few soundings, 
November 27 at 18Z to November 30 at 12Z 
had persistent singular inversion layers. 
Soundings with multiple inversions generally 
had the base height of their first inversion 
layer at the surface (Figure 4), comparable to 
surface pressures at this time.  This was 
especially true from the beginning of the 
observed period to November 26 at 18Z.  As 
a result, these inversions were unable to cap 
any pollutants beneath them, correlating with  
the "Moderate" daily AQI values but 
contradicting the "Unhealthy" AQI value on 
November 26.  High variability with the base 
height of a second or third inversion in a 
Figure 3.  PM2.5 AQI values in St. Louis, MO-IL for the selected days in the case study and their 
classification in regards its impact on human health.  The yellow, orange and red bars are classified as 
“Moderate,” “Unhealthy for Sensitive Groups” and “Unhealthy,” respectively.  The solid black line 
intersecting data has an AQI value of 101, the minimum value needed to be classified as “Unhealthy 
for Sensitive Groups.” 
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sounding showed no importance in capping 
pollutants. In contrast, soundings with single 
inversion layers from November 27 at 18Z to 
November 30 at 18Z had persistent base 
heights around 950 mb.  This indicated a 
favorable environment for capping pollutants 
close to the surface to produce constant high 
daily AQI values.  December 1 at 00Z 
through the end of the observed period 
showed high variability of base height 
regardless of the number of inversions 
present in a sounding.  The absence of a 
strong capping layer helped with the vertical 
dispersion of pollutants and the decrease in 
AQI values on December 2 and December 3 
but did not explain the “Unhealthy for 
Sensitive Groups” value on December 1. 
Variability of the strength of the temperature 
difference (dT) in inversion layers had 
resemblance with the variability of base 
heights (Figure 5).   The beginning of the 
observed period to November 27 at 06Z had 
Figure 4.  The base height of inversion layers (mb) measured every six hours from the St. Louis Lambert 
International Airport.  Hour 0 is November 22 at 06Z, and every twenty-four hours is equivalent to one 
measured PM2.5 AQI day.  12 pm CST on November 26 is Hour 108, and 6 am CST on December 1 is 
Hour 216, designated by the black dashed lines. The blue, red, and green data points represent Inversion 
1 (the inversion closest to the surface in each sounding), Inversion 2 (the inversion second closest to the 
surface in each sounding), and Inversion 3 (the inversion third closest the surface in each sounding), 
respectively. 
 
Figure 5.  Like Figure 4, but for the strength 
of an inversion layer measured as the 
temperature difference (dT) of each sounding 
(°C).  A value of 0 °C means no inversion 
occurred. 
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a range of dT values from -3.1 °C to 13.1 °C.  
The high variability during this period 
exhibited minimal influence on worsened air 
quality during this time.  dT values of the 
inversion layer closest to the surface ranged 
from 5.9 °C to 9.3 °C from November 27 at 
18Z to December 1 at 00Z.  These persistent 
strong temperature inversions trapped the 
cooler air underneath its warm and stabilized 
layer, keeping AQI values at or near 
unhealthy levels. High variability with a 
range of dT values from -2 °C to 4.5 °C was 
detected from December 1 at 06Z to the end 
of the observed period.  This finding 
influenced improved air quality on December 
2 and December 3 but not on December 1. 
 
 
c. Wind 
Surface wind speeds ranged from 1 to 12 kts 
during the case study (Figure 6).  A general, 
increasing trend in these values occurred 
from the beginning of the observed period to 
November 26 at 18Z.   Daily AQI values 
increased each day during this time, 
contradicting the theory of wind speeds 
decreasing with worsened air quality.  High 
variability from November 27 at 00Z to 
November 28 at 06Z occurred before a 
general decreasing trend was detected 
through November 30 at 12Z.  Thus, the 
surface wind speeds had no sole influence on 
the “Unhealthy” daily AQI levels on 
November 26 and 27, but the decrease of 
these values the following couple of days 
helped with the stagnation of existing 
pollutants.  A general, increasing trend with 
high variability from November 30 at 12Z 
through the end of the observed period was 
detected.  This finding contradicted the high 
daily AQI values on November 30 and 
December 1 but complemented the sudden 
decrease in daily AQI values on December 2 
and 3 through horizontal dispersion of 
pollutants. 
Wind direction showed more variability than 
wind speed (Figure 7).  Values ranged from 
315 to 115 degrees from the beginning of the 
observed period to November 24 at 12Z.  
This variability suggested horizontal 
dispersion of pollutants were a cause for 
lower daily AQI values during this time.  
November 24 at 18Z through November 27 at 
06Z had wind directions from the south, 
ranging from 141 to 192 degrees.  Horizontal 
dispersion of pollutants was inhibited, 
correlating with the increased daily AQI 
values during this time.  This finding also 
suggested an abundance of PM2.5 could have 
Figure 6.  Like Figures 4 and 5, but for 
surface wind speed (kts). 
 
Figure 7.  Like Figures 4, 5, and 6, but for 
surface wind direction (degrees). 
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been advected from the south, explaining the 
sudden jump to an "Unhealthy" daily AQI 
value on November 26.  A rapid change in 
wind direction (over 180 degrees) occurred 
from 06Z to 18Z on November 27.  Although 
this would suggest horizontal dispersion, the 
daily AQI remained at its highest value of the 
case study.  November 28 at 00Z through 
November 30 at 12Z had general wind 
directions from the northeast with values 
ranging from 10 to 45 degrees, suggesting 
recirculation of pollutants and constant high 
daily AQI values.  Wind direction values 
from November 30 at 18Z through the end of 
the observed period ranged from 113 to 302 
degrees, suggesting decreased daily AQI 
values as a result of horizontal dispersion on  
December 2 and 3 with disagreement for the 
“Unhealthy for Sensitive Groups” value on 
December 1. 
d. Relative humidity 
No direct influence on air quality from 
relative humidity occurred from the 
beginning of the observed period to 
November 25 at 06Z as high variability with 
recorded values were detected, ranging from 
39 to 91 percent (Figure 8).  A general, 
increasing trend on November 25 and 26 
signaled a favorable environment for holding 
atmospheric constituents in place, explaining 
the sharp increase of daily AQI values for 
these two days.  Values ranged from 86 to 98 
percent from November 27 at 12Z to 
December 1 at 06Z, signifying an indirect 
indication of air pollutants held in place to 
keep daily AQI values at or near unhealthy 
levels.  A sudden decrease in relative 
humidity (96 to 61 percent) on December 1 
from 06Z to 18Z implicated a release of these 
pollutants, leading to decreased AQI values 
on December 2 and 3. 
e. Surface pressure, precipitation, and 
supplemental synoptic analysis 
A 500 mb height trough was over the St. 
Louis area at the beginning of the observed 
period.  As the wave propagated eastward the 
following day, the 500 mb height increased 
from around 5400 to 5640 m in twenty-four 
hours.  Heights steadily increased to a 
maximum of 5820 m on November 27 at 12Z 
and steadily decreased back down to 5700m 
on November 30 at 12Z.  A slow-moving 
closed low at 500 mb over the western United 
States was the reason for a low range of these 
heights.  Small ridge patterns were seen 
during this period, indicating a minimal 
influence on a stable atmosphere and high 
AQI daily values.  The closed low deepened 
and moved over the southwest corner of 
Minnesota on December 1 at 12Z and 
propagated directly eastward to the 
Wisconsin-Illinois border on December 2 at 
12Z.  As a result, 500 mb heights decreased 
from 5700 to 5400 m over St. Louis during 
the same period, indicating an unstable 
atmosphere and thus contradicting the 
“Unhealthy for Sensitive Groups” daily AQI 
Figure 8.  Like Figures 4, 5, 6, and 7, but for 
surface relative humidity (%).   
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values on November 30 and December 
1.  The height increased to 5640 m within the 
next twenty-four hours, influencing a 
decrease in the daily AQI value on December 
2 because of this rapid upper-level 
movement. 
Surface pressure showed a similar pattern to 
500 mb height maps throughout the case 
study (Figure 9).  A 7 mb decrease in surface 
pressure on November 22 kept the daily AQI 
level low through decreased stability, while a 
5 mb increase the following day increased 
stability and the daily AQI value.  Low 
variability of surface pressure was detected 
from November 24 at 06Z to November 27 at 
06Z after the passage of a cold front on 
November 24 at 12Z, maintaining a stable 
atmosphere for trapping air pollutants.  A 
stationary front passed over St. Louis on 
November 27 at 12Z, which lowered surface 
pressure.  This did not affect the “Unhealthy” 
daily AQI value on November 26, though 
instability should have vertically dispersed 
pollutants.  A 5 mb increase in surface 
pressure over the next twenty-four hours kept 
the November 27 daily AQI value the same 
as the previous day. High surface pressures 
persisted on November 28 at 06Z to keep the 
daily AQI near the “Unhealthy for Sensitive 
Groups” threshold.  A substantial decrease in 
surface pressure on November 29 and 30 and 
December 1 did not hinder increasing daily 
AQI values during this time.  The 
disagreement continued through the end of 
the observed period as decreased daily AQI 
values occurred with increasing surface 
pressure after the passage of a low-pressure 
system north of Missouri.  
No hourly precipitation accumulation 
occurred in any of the soundings used for the 
study.  Twenty-four total precipitation 
accumulation of at least 0.01 inches ending at 
12Z occurred on November 27, 28, 30 and 
December 1.  Though precipitation should 
indicate dispersion of pollutants, these dates 
equated with the highest daily AQI values.  
Therefore, there was no critical impact from 
this meteorological parameter.  
f. Discussion of conflicting results 
November 26 and December 1 were two of 
the dates with high daily AQI values (154 and 
124, respectively), but the ample variability 
with meteorological parameters disagreed 
with common knowledge of air pollution 
meteorology.  In particular, a decreasing 
trend on surface pressure for both November 
26 and December 1 suggested an unstable 
atmosphere, thus producing the variability 
seen with temperature inversions and daily 
precipitation accumulation exceeding 0.01 
inches.    One explanation is surface wind 
speeds were low enough for the entirety of 
the observed period, allowing for 
recirculation and inhibition of horizontal 
dispersion of pollutants.  Wind direction near 
180 degrees on November 26 suggested 
advection of several particulate pollutants 
from the south could have also contributed to 
Figure 9.  Like Figures 4, 5, 6, 7, and 8, but 
for surface pressure (mb). 
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a high daily AQI value.  A sharp change in 
wind direction due to the passage of a 
stationary front on November 27 at 12Z kept 
these pollutants in St. Louis, while another 
sudden shift in direction on November 30 
lead to eventual horizontal dispersion on 
December 1.  Though not the primary reason 
for poor air quality during the first 
“Unhealthy” AQI day, strong and persistent 
temperature inversions the following few 
days were a robust contributing factor in this 
prolonged poor air quality episode. 
4. Conclusion and Discussion 
This case study analyzed the relationship 
between temperature inversions and 
persistent PM2.5 pollution from November 22 
to December 3, 2015, in St. Louis, Missouri, 
having two consecutive daily PM2.5 AQI 
values.  During this period, temperature 
inversions in all but one sounding, partially 
the reason for all daily AQI values exceeding 
the “Moderate” threshold.  Variability in the 
number of inversions, as well as base height 
and strength of inversions, were most 
prevalent from November 22 to November 
26 and December 1 to December 3.  Most of 
these inversions were shallow and close to 
the surface, corresponding with daily AQI 
values much lower than the “Unhealthy for 
Sensitive Groups” threshold during the 
period, apart from November 26 and 
December 1 having values of 154 and 124, 
respectively. Persistent singular and strong 
inversion layers (dT > 5 °C) with a base 
height close to 950 mb occurred from 
November 27 to November 30, equated with 
persistent daily AQI values near or exceeding 
101.  Thus, there was mainly a positive linear 
relationship between the characteristics of an 
inversion layer and how polluted the air was. 
Other meteorological parameters have 
contributed to this extreme event.  Trends in 
surface wind speeds, wind direction, and 
relative humidity were like the pattern shown 
with inversion layer characteristics. Hence, 
variability with these parameters was also 
most prevalent from November 22 to 
November 26 and December 1 to December 
3, once again corresponding with daily AQI 
values much lower than the “Unhealthy for 
Sensitive Groups” threshold except for 
November 26 and December 1.  Decreased 
wind speeds from the north and high relative 
humidity values (over 86%) occurred from 
November 27 to November 30, relating to 
persistent daily AQI values near or exceeding 
101.  Twenty-four-hour precipitation totals 
ending at 12Z with at least 0.01 in occurred 
on November 27, 28, 30 and December 1, 
with high daily AQI values indicating no 
notable impact on the dispersion of 
pollutants.  Advection of particulate 
pollutants from the south was thought as the 
main contribution to the “Unhealthy” AQI 
value on November 26, whereas strong, 
persistent temperature inversions preserved 
poor air quality with the addition of local 
sources.  A closed low-pressure system at 
500 mb and the surface to the north of 
Missouri produced a sharp change in surface 
wind direction on November 30 along with 
decreasing surface pressure from November 
29 to December 1.  This generated variability 
in inversion layer characteristics and wind 
direction, leading to both vertical and 
horizontal dispersion of pollutants and 
“Moderate” AQI values by December 2. 
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Extension of this case study would be 
beneficial as St. Louis is an under-discussed 
region for air quality.  Aerosol optical depth 
(AOD), the measure of aerosols distributed 
within a column of air from an instrument at 
Earth’s surface to the top of the atmosphere, 
is integrated into PM2.5 measurements for 
AQI values.  Measurements from a station 
with AOD data would give insight into the 
AOD-PM2.5 correlation and influence on a 
temperature inversion layer.  The addition of 
the height of the planetary boundary layer 
would justify the role of temperature 
inversions as a definite capping layer for 
pollutants is known.  Furthermore, analysis 
of PM2.5 daily AQI values and low-level 
winds in stations south of St. Louis at least 
two days before November 26, 2015, would 
either accept or reject the conclusion of 
particulate pollutant transport due to a 
southerly wind.  Another case study 
concerning the same parameters utilized in 
this study would also be beneficial in another 
Midwest metropolitan area to diminish 
knowledge gaps about air quality in this 
region further.  More research is imperative 
for advancements in air quality monitoring, 
modeling and public health practices in 
preparation for future air quality extremes. 
5. Acknowledgments 
The author would like to give a special thank 
you to Dr. William Gutowski for his 
expertise in meteorological phenomena and 
Elizabeth Lennartson for her insight with air 
quality.  The author would also like to thank 
Zachary Hiris for his assistance with 
BUFKIT data and Rachindra Mawalagedara 
for her general instruction.  This project 
would not have been possible without the 
skill and continuous support and patience of 
these individuals. 
6. References 
American Lung Association, 2016:  State of 
the Air 2016 Report. 157 pp. 
[Available online at 
https://www.lung.org/assets/docume
nts/healthy-air/state-of-the-air/sota-
2016-full.pdf.] 
Barhari, R. A., R. A. Abbaspour, and P. 
Pahlavani, P, 2014: Prediction of 
PM2.5 Concentrations Using 
Temperature Inversion Effects Based 
on an Artificial Neural Network. The 
International Archives of 
Photogrammetry, Remote Sensing 
and Spatial Information Sciences, 
suppl W3, XL, 73-77, doi: 
10.5194/isprsarchives-XL-2-W3-73-
2014. 
Dockery, D. W., A. Pope III, X. Xu, J. D. 
Spengler, J. H. Ware, M. E. Fay, B. 
G. Ferris, and F. E. Speizer, 1993: An 
Association Between Air Pollution 
and Mortality in Six U.S. Cities. The 
New England Journal of Medicine, 
329, 1753-1759, doi: 
10.1056/NEJM199312093292401. 
Enzhong, Z., Y. Yunling, D. Xiaoyan, Y. 
Yongsheng, N. Dongee, and H. Jufei, 
2015: Analysis of Meteorological 
Causes of Serious Air Pollution in 
Xingtai City based on Inversion 
Layer. Meteorological and 
Environmental Research, 6, 5-9. 
Environmental Protection Agency, 2010: St. 
Louis Air Quality Management Plan. 
13 
 
Missouri Department of Natural 
Resources, Illinois Environmental 
Protection Agency.  53 pp. [Available 
online at] 
https://archive.epa.gov/airquality/aq
mp/web/pdf/stlouisfinalaqmp.pdf. 
Environmental Protection Agency, 2018: 
Air Quality Daily Index Values 
Report. [Available online at 
https://www.epa.gov/outdoor-air-
quality-data/air-quality-index-daily-
values-report]  
Environmental Protection Agency, 
2018:  Particulate Matter (PM) 
Basics. [Available online at 
https://www.epa.gov/pm-
pollution/particulate-matter-pm-
basics#PM.] 
Environmental Protection Agency, 2018:  
Particulate Matter (PM2.5) Trends. 
[Available online at 
https://www.epa.gov/air-
trends/particulate-matter-pm25-
trends#pmreg.] 
Environmental Protection Agency, 2018:  
Summary of the Clean Air Act.  
[Available online at 
https://www.epa.gov/laws-
regulations/summary-clean-air-act.] 
Iowa Environmental Mesonet, 2018: Bufkit 
Archive. IEM/Iowa State University. 
[Available online at 
http://mtarchive.geol.iastate.edu/] 
O’Neil, T., 2016: Nov. 28 1939: The day 
“Black Tuesday” rolled into St. 
Louis. St. Louis Post-Dispatch. 
[Available online at 
https://www.stltoday.com/news/archi
ves/nov-the-day-black-tuesday-
rolled-into-st-louis/article_00c3b6cd-
ba69-5a19-b498-
fbc29f9630c4.html.] 
National Weather Service, 2018: National 
Weather Service Glossary. NOAA. 
[Available online at 
https://w1.weather.gov/glossary/.] 
Wang, S.-Y. S., L. E. Hipps, O-Y Chung, R. 
R. Gillies, and R. Martin, 2015: 
Long-Term Winter Inversion 
Properties in a Mountain Valley of 
the Western United States and 
Implications on Air Quality. J. Appl. 
Meteor. Climatol., 54, 2339-2352, 
https://doi.org/10.1175/JAMC-D-15-
0172.1. 
Wang, X., R. E. Dickinson, L. Su, C. Zhou, 
and K. Wang, 2018: PM2.5 Pollution 
in China and How It Has Been 
Exacerbated by Terrain and 
Meteorological Conditions.  Bull. 
Amer. Meteor. Soc., 99, 105-119, 
https://doi.org/10.1175/BAMS-D-
16-0301.1. 
Weather Prediction Center/National Centers 
for Environmental Prediction, 2018: 
Daily Weather Maps Archive. 
NOAA. [Available online at 
http://www.wpc.ncep.noaa.gov/archi
ves/web_pages/sfc/sfc_archive.php.] 
World Health Organization, 2018:  Ambient 
(outdoor) air quality and health. 
[Available online at 
http://www.who.int/en/news-
room/fact-sheets/detail/ambient-
(outdoor)-air-quality-and-health.] 
